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ing plough, which cut deeply but not so extensively as the over- 
riding mass. In the more elevated tracts, therefore, the lower 
portion often lay in grooves like culs-de-sac, and many of these 
exist to-day, connected with the main channels often by reversed 
or indirect drainage. The lower limit of exportation, which de- 
fines the line of junction of the two layers, follows nearly the 
contour of 11,000 feet above sea-leveF (varying from 10,500 feet 
to 1 1,500 feet). The side-gulches, except where eroded by more 
recent aqueous action, commonly join the main canons on this 
grade. The "timber-line" is fairly continuous with these de- 
bouchures, and I am satisfied that this feature has been largely 
instrumental in determining that sharp line of demarkation. Un- 
doubtedly the melting of the ice in the canons left many side- 
glaciers discharging by " ice-falls " over the walls for a long time 
afterwards, the vegetation growing up to this limit, because the 
land-locked canons were for a period filled with water which 
arranged more or less of soil along the sides of the channels. 
This fact is clearly proven by the occurrence of terraces, in such 
lacustrine material, up to a height of 1000 feet above the present 
stream beds in places. The positions of scattered boulders in 
the cations, and of those imbedded in the deposits along the 
walls afford further evidence of the local transportation of mate- 
rial by floating masses of ice, which dropped their burdens upon 
melting. 

The drift of the Rocky mountains thus possesses peculiar in- 
terest, corroborating the notion of its intimate relation to the 
glacial deposits of the east, and yet exhibiting a variety in detail 
which may aid materially in unraveling obscure points in the his- 
tory of other areas with weak development of the same condi- 
tions. The local character of the effects has prevented many 
from appreciating the really gigantic erosion and deposition 
which have taken place. 

■ :o: 

THE MAMMARY GLAND OF THE ELEPHANT. 

BY SPENCER TROTTER, M.D. 

IN studying any particular animal form we are wont to refer 
to some other well-known type as a basis for comparison, and 
in this way gain an idea of the animal's place in life, its relations 
to the environment and to the other beings among which it lives. 
As our studies extend and we become more widely acquainted with 
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the many diverse forms, we quickly note any departure on the 
part of an organ from its usual form or position, and are thus led 
directly to enquire into the cause or causes which brought about 
the change. In those mammals whose habit it is to suckle their 
young standing, namely, the Ungulata, any one who has given 
the least thought to the subject is aware that their mammary 
glands are situated at the posterior part of the ventral line, i. <?., 
in the inguinal region, or groin. A striking exception to this is 
seen in the elephant, where these glands are located anteriorly, in 
the pectoro-axillary spaces. 

The elephant holds a unique position in nature, representing 
the last of a long ancestral line which attained its maximum 
development in the Tertiary. Its immediate progenitor most 
likely occupied the southern range, thus escaping extinction in 
the drift and glacial epochs, and carrying down to present times 
this highly interesting and peculiar form. With no relatives 
extant, the elephant forms a separate and distinct order, the Pro- 
boscidia, but curiously enough possessing characters which ally 
it with the widely different Rodentia ; it is herbivorous, and in 
general habit and mode of life is an ungulate, in a portion of 
which order it was usually assigned a place in the older nomen- 
clature. 

It is as an ungulate or " hoofed animal," therefore, that the 
elephant interests us, and from the fact that like all the species of 
that order the female is in the habit of suckling her young in the 
standing posture we are led to ask ourselves the reason for the 
striking exception in the position of the mammary glands. It 
will be understood that I refer to animals which give birth as a 
rule to one, or at most two offspring at a time, and which conse- 
quently have the minimum number of glands, not to those which 
" litter " like the hog family and present a series of glands run- 
ning along each side of the belly line. 

In dealing with a subject of this nature we enter one of those 
broad fields of philosophic science whose farther boundary, if 
indeed it have any, lies far below our mental horizon. The rock- 
imbedded bone of the palaeontologist, which elsewhere bears 
such useful testimony, is comparatively of little value, and even 
the profounder facts of embryology fail to tell us why such 
striking differences occur, and what brought them about. It is a 
subject involving the underlying principles of tissue metamor- 
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pilosis and nutrition in their broadest sense; a study vague 
enough in the present, but rendered far more so by the lapse of 
time. Action and reaction between organism and environment ; 
the demands of increasing functional activity upon plastic tissue, 
and the effects of use and disuse, these are the fundamental prin- 
ciples involved, and we can only surmise at the primitive condi- 
tion of affairs from the few tangible points presented to us. By 
attention to the following facts we may be able to gain a few ideas 
which will possibly throw some light upon the subject. At the 
anterior end of the great arterial trunk {aorta) two branches arise 
[subclavian) which proceed to the fore limbs. These, in turn, 
give off each a branch (internal mammary) which passes down- 
ward and backward along the anterior thoracic wall. At the pos- 
terior end of this great trunk two other branches arise (iliac), 
proceeding to the hind limbs, these also giving off each an artery 
(superficial epigastric) which runs forward in the abdominal wall 
to anastomose with the terminal branches of the internal mam- 
mary, thus forming an arc on each side of the ventral median 
line from neck to groin. This we will call the mammary arc. 
Now it is evident that in those mammals whose glands are situ- 
ated solely in the pectoral region, as in Primates, Chiroptera, ele- 
phant, etc., the internal mammary artery is the main supply of 
the gland ; while in those in which the structure is inguinal, as in 
the horse, deer, etc., the superficial epigastric is the main blood 
feeder. 

Again, when the glands are situated in a row along the under 
surface of the body, as in Carnivora, Suida?, etc., the entire arc 
of blood-vessels comes into play as a source of supply. We 
have every reason to believe that this latter state of affairs was 
the original arrangement of the parts, as the lowest and most 
ancient forms now extant present this same condition correlated 
with plurality of young at a birth, which is also undoubtedly a 
primitive condition. As specialization proceeded a reduction in 
the number of young at a birth followed, and consequently fewer 
glands were used ; those only which were the most convenient 
to the young animal, while the rest atrophied and finally disap- 
peared from want of use. Whether the prototype of the Pro- 
boscidians was large or small, whether it produced a number of 
young at a single birth, and consequently possessed a series of 
glands running along the belly, or what its habits were we cannot 
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say ; but the possibility of such a condition having existed can 
no more be denied than it can be proved, and we have good rea- 
sons in believing such to have been the case. We know the 
rodents to be a very ancient group, and if the ancestor of the 
Proboscidian was allied to them in any way it, in all probability, 
presented many points of affinity in structure and habits. 

If we take the foregoing in a hypothetical sense, supposing the 
ancestral form to have given birth to a number of young at one 
time, and to have possessed a corresponding number of glands, 
we have yet to answer the question: Why should the elephant, 
after specialization and reduction, present pectoral instead of in- 
guinal glands ? 

The hog family, Suidae, while not a primitive form of ungulate, 
still retain many ancestral characters, among them plurality of 
young and gland structure, and we have every reason to believe 
that the entire order sprang from a similarly low form; yet they 
all, after specialization and reduction, present inguinal glands. 

There may have been many causes which will never occur to 
us why the young Proboscidian should use the anterior pair of 
glands ; but two of them have occurred to me as a feasible, if not 
in our present state of knowledge, a satisfactory explanation. 

Any one whose eye is accustomed to take in the animal form 
will have noticed that in the majority of hoofed animals the belly 
line slopes upward and backward ; take the horse, deer, ox, 
camel, or any of the large herbivores for example. Now the 
reverse is true of the elephant, the belly line sloping downward 
and backward, this being in part due to the large pendulous geni- 
tals in the female, and in part to the tremendous abdominal viscera 
bagging down and occupying a rather short space lengthwise in 
proportion to the animal's general build. The young elephant, 
sucking as it does with its mouth, and possessing a short and 
comparatively immobile neck, would find it very inconvenient if 
the glands were situated in the inguinal region with the massive 
knees of the mother in the way ; and this difficulty would be still 
more increased as the young animal grew. As it is, the nipple 
projects horizontally from the pectoral region, the most conve- 
nient point, with nothing to interfere; and as the early prototype 
became more and more specialized, the fewer, and finally the sin- 
gle offspring resulting used this most convenient gland to the 
exclusion of the others, which have disappeared from 'want of 
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use in the long lapse of time before the Proboscidian became 
such. 

Very different is the case with the arched, cleanly-cut inguinal 
space of the female ungulate, and its long, flexible-necked off- 
spring, where the mammary gland is carried so easily by the 
mother, and is so accessible to the young. Here the anterior 
glands are the ones that have been discarded. 

These are mere speculations, for what can we do with such a 
subject ? Surely not discard it altogether ! Far better attempt 
even in the roughest way to interpret with what little light we 
have from the past, and fall wide the mark in our conclusions, 
than to pass unnoticed one fragment in the great history of life. 

:o: 



IS LITTORINA LITOREA INTRODUCED OR INDIG- 

GENOUS ? 

BY W. F. GANONG. 

IT is now nearly thirty years since Littorina litorea (Linn.), the 
English periwinkle, was first reported from American waters, 
but the question as to whether it has been recently introduced or 
was an original inhabitant of our shores is still unsettled. This 
mollusk, though not known by naturalists to occur upon the 
coast of Acadia and New England previous to its discovery at 
Halifax in 1857 by John Willis, is at present very abundant from 
the Gulf of St. Lawrence to Connecticut. 

Professor Verrill (Amer. Jour. Sci., iii, iv, p. 133, 1874) says of 
it : " It has been supposed by several writers that this shell (L. 
litorea) has been recently and accidentally introduced from Eu- 
rope; but Dr. Dawson informs me that he collected it more than 
thirty years ago in the Gulf of St. Lawrence. It is abundant at 
Halifax, and we have other specimens from Kennebunkport, Me., 
Hampton Beach, N. H., and Provincetown, Mass. There is 
really no sufficient evidence that it was not an inhabitant of our 
shores before the advent of Europeans, but local in its habitats. 
It may have become more diffused in recent times by commerce, 
or it may have been overlooked formerly by collectors." 

The causes determining the geographical distribution of ani- 
mal and plant life are a subject of the greatest importance to nat- 
uralists, and any contribution to it has its value. So peculiar and 



